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1 
INTRODUCTION 
The literature on the alkyletion of oxindolee is quite 
extensive and eometiinee contradictory. One aree which re­
quires clarification is that of O-elkyletlon and C-elkylation 
of oxindole derivatives. The reinvestigation of the alkyle-
tion of oxindolee and further extension of gome of these 
reactions is im-nortant for the purpose of the reinterpretp-
tion of TDOseibly incorrect structures in this field. Fur­
thermore, the recent reports indicating that several alkaloids, 
notably gelsemine, contain the oxindole moiety, necessitate 
a general survey of Flkylptions of simple oxindoles in order 
to assist in the elucidation of the structures of these com­
pounds, and in the synthesis of their degradation products 
as well as the alkaloids themselves. 
2 
HISTORICAL 
Alkyl&tlon 
The alkylatlon of oxindole and Its derlvatlveg may be 
coneidered to take place by the attack of an anion, formed 
from the action of a base on the oxindole, on an alkyl hallde. 
Whether C3-alkylation, 0-alkylatlon or N-alkylation occurs 
depends on the oxindole derivative used, the reactivity of 
the alkyl halide, and the experimental conditionB. 
The action of a base on oxindole (I) would produce 
anions which could best be represented by etructures Ila 
and lib. In such a case one could expect N-alkylation, 0-
alkylfition or C-alkylation. 
N  O 
I 
H 
; ® 
jl 
I 
H 
H CL HTb 
3 
If an N-eubstltuted oxlndole (III) were used, the action 
of a base would produce an anion of which two main resonance 
contributors are IVa and IVb. In euch a case one could ex­
pect C-alkylation or 0-alkylation. 
Baeyer and Comstock^ report the first studies of alkyla-
tion in the oxindole series. From the reaction of oxlndole 
(I) with ethyl iodide in sodium ethoxlde solution, they iso­
lated 1-ethyloxindole (V). 
Baeyer and W. J. Comstock, Ber.. 16. 170^-11 (1883)• 
4 
2 
Brunner alkylated 3i3-<ii®e'tiiyloxlndole (VI) with methyl 
iodide in sodium methoxide solution to yield 1,3,3~trimethyl-
oxindole (VII). However, when the silver salt of VI was 
reacted with methyl iodide in ether, an O-alkylated compound, 
2-niethoxy-3»3-dimethylindolenine (VIII), was formed. 
The first instance of C-alkylation of oxindolee was 
reported by Brunner^ who alkylated 3-methyloxindole (IX) 
Brunner, Monateh.. 18. 95-122 (1897). 
h. Brunner, Monatsh.. 18, 527-^9 (1897). 
5 
by the action of methyl iodide in sodium methoxide to yield 
1,3,3-trimethyloxindole (VII). 
- ca  
) 
Me 
TT IHL 
4 Further alkylatlone were those of Sohwarz who prepared 
1-methyl-3-isopropyloxindole (XI) by treating 3-iBopropyl-
oxindole (X) with methyl iodide in sodium methoxide solution. 
However, if the silver salt of X was reacted with methyl 
iodide in ether, Schwarz reported an 0-alkylated product, 
2-methoxy-3-ieopropylindolenine (XII). 
•> 
Me 
3E 
Schwarz, Konatah.. 24. 568-78 (1903). 
6 
/\g- salt of X 
N  ^  OMc 
sr 
Julian and co-workers^ were able to carry out the alkyla-
tlon of l-ffiethyl-3-formyloxindole (XIII) with methyl iodide 
to give either 1,3-diraethyloxindole (XV), or l,3»3-trimethyl-
oxindole (VII) depending on the amount of eodium methoxide 
ueed. 
5p. L. Julian, J. Pikl and D. Bog^ese, ^  Am. Chem. Soc.. 
^6, 1797-801 (193^). 
7 
Julian and co-workers^ were unable to isolate any of the 
C-alkylated aldehyde (XIV), which he postulated as an inter­
mediate, and attributed this to the ease of hydrolysis of the 
compound. 
In further alkylation studies of l-methyl-3-formyl-
oxlndole (XIII), Julian and co-workers-^ reported that reaction 
of the sodium salt of l-methyl-3-formyloxindole (XIII) with 
methyl iodide in acetone yielded an 0-methyl derivative, 1-
iBethyl-2-methoxy-3-forniylindole (XVI). 
Na - salt of xnr 
OMe 
33Zr 
The structure assignment for XVI was based on the 
aldehyde-properties of the compound, such as the formation 
of a Bodium bisulfite addition comTilex, and the methoxyl 
snslysis. 
The 2-ethoxy compound corresponding to XVI could be pre­
pared in a similar fashion by using ethyl iodide (5). The 
8 
2-ethoxy derivative could else be prepared by refluxing XVI 
with ethanol^. 
Attempts to make the 2-niethoxy derivative of 3-formyl-
c 
oxindole (XVII) were uneucceseful . 
Julian and co-vorkere^ reported the catalytic reduction 
of XVI over mlladium to yield l-methyl-2-methoxylndole-3-
cerbinol (XVIII), which vaB readily hydrolyzed to 1-raethyl-
oxindole-3-carblnol (XIX). 
0M6 
Direct alkylation vae ap lied in the formation of 1,3-
dimethyloxindolyl-3-acetonltrile (XX) from 1,3-dimethyl-
oxindole (XV) and chloroacetonitrile^. 
^P. L. Julian and H. C. Printy in R. C. Elderfield, 
"Heterocyclic Compounds," Volume III, John ^lley and Sons, 
Inc., New York, N. Y., 1952, Chapter 1, p. 15^. 
L. Julian, J. Pikl and F. E. -'antz, ^  Am. Chem. 
Soc. . 2026-9 (1935). 
9 
Me Me 
321 m 
The game procedure was successful in the alkylttlon of 
l-methyloxlndole (XXI) with chloroacetonitrile but was un­
successful in the alkylation of oxindole (I) vith chloroaceto­
nitrile®. 
Q 
In another series of experiments, Julian and Pikl^ ex­
tended the alkylation of 1,3-dimethyloxindole (XV) to the 
preparation of 1,3-dimethyl-3--phthalimidoethyloxindole 
(XXII). This was done by refluxing an ethereal suspension 
of the sodium ealt of XV with phthalimldoethyl bromide. 
Na- salt oF 52; + 
Me 
P. L. Julian in R. C. Elderfield, "Heterocyclic Com­
pounds, " Volume III, John Wiley and Sons, Inc., New York, 
N. Y., 1952, Chapter 1, p. 171. 
9 
P. L. Julian end J. Pikl, ^  Am. Chem. Soc.. 57. 539-
44 (1935). 
10 
A further extension of the alkylatlon of 1,3-ctiinethyl-
oxlndole (XV) was carried out by Julian and Plkl^ who prepared 
l,3-dlraethyl-3-/^-bromoethyloxlndole (XXIII) from the eodlum 
salt of XV and ethylene bromide. 
Na-salt of ISZ 
By an analogous procedure using 1,3-dimethyl-5-®thoxy-
oxindole, Julian and Pikl^^ prepared the 5-ethoxy derivative 
of XXIII. 
In connection with a riroposed eynthesis of oxytryptophan, 
7 
Julian and co-workers alkylated 1,3-dimethyloxindole (XV) 
with bromoacetal to yield 1,3-dlm®'thyloxindolylacetal (XXIV). 
OEt OEt 
521 IHE 
10 
(1935). 
P. L. Julian and J. Pikl, J^, Am. Chem. Soc.. 57. 755-7 
11 
Hovever, attempted alkylatione of oxlndole (I) and 1-
7 
methyloxindole (XXI) with bromoaoetal were uneuccessful ae 
was an attempted alkylation of 3-acetyloxindole (XXV) with 
8 bromoacete-l , 
7 When Julian and co-workers' treated the sodium ealt of 
l-methyl-3-aoetyloxindole (XXVI) with methyl iodide in acetone, 
a procedure which yielded an 0-methyl derivative (XVI) with 
l-inethyl-3-formyloxindole (XIII), a C-alkyl derivative 
(XXVII) was obtained. 
0 
hJoi- salt of AXVI ^ 
Me 
zmn 
This led to the utiliEation of this method to prepare 
several l-methyl-3-®onoalkyloxindolee, as the acetyl aroup 
of compounds euch ae XXVII could be readily removed by 
hydrolysie with sodium ethoxide. 
12 
-I -i 
Julian and co-workers prepared l-methyl-3~{2-N-tetra 
hydroieoquinolylethyl)-oxindole (XXVIII), from the sodium 
salt of l-Hiethyl-3-e.cetyloxlndole (XXVI) and l-bronio-2-N-
tetrahydroleoquinolylethane In acetone. 
The ^reparation of l-inethyl-3-( 2~bromoethyl)-oxindole 
(XXX) by Julian and co-workers^^ Involved the reaction, in 
acetone, of the sodium eelt of l-methyl-3-acetyloxlndole 
(XXVI) with -phenoxyethyl bromide to form, after hydroly­
sis, l-methyl-3-(2- )henoxyethyl)-oxlndole (XXIX). The phen 
oxy group of XXIX was then replaced by bromine, using HBr, 
to form XXX. 
L. Julian, k. Magnani, J. Pikl rnd W. J. Karrel, 
J. Am. Chero. Spc.. 21> 17^-9 (19^8). 
13 
N o t -  o f  X x V l  
M e  
JKL 
On treatment with sodium ethoxlde, or tetrahydroieo-
qulnollne In the cold, l-methyl-3-(2-bromoethyl)-oxlndole 
(XXX) formed 2,3-dlhydro-8-methylfuro [2,3-^ Indole (XXXI), 
which process Ib an example of Intramolecular 0-alkylation^^. 
Evidence for the structure assigned to XXXI was based 
on analyses, and the conversion of XXXI to XXVIII by treat­
ment with tetrahydroieoquinoline hydrobroralde. 
In connection with investigations on the alkaloid 
yohimbine, Julian and Magnani^^ had occasion to carry out 
further alkylation of l-methyl-3-8.cetyloxindole (XXVI), and 
reported the isolation of an 0-alkylation compound. The 
product was obtained by treating the eodiura salt of XXVI 
with 2-(/^-chloroethyl)-l-i8oquinolone, 2-(-bromoethyl)-l-
isoquinolone, or 2-(/^-toluenesulfonoxyethyl)-l-i8oquinolone 
to give XXXH, an 0-alkylated compound. 
L. Julian and A. Magnani, ^  Am. Chem. See.. 71. 
3207-10 (19^9). 
15 
The structure aseigned to XXXII vas based on analyses 
and on hydrolytic studies using sodium ethoxide, which yielded 
2-( /^-hydroxyethyl)-l-i8oquinolone, 2-(/^-ethoxyethyl)-!-
ieoquinolone and l-methyl-3-acetyloxlndole (XXVI). 
16 
The 0-alkylated comoound XXXII could be thermally re­
arranged to the C-alkyl compound XXXIII which could then be 
deacylated to yield l-methyl-3-[2-K-(1-oxo-l,2-dlhydroieo-
qulnolylethyl )J -oxlndole (XXXIV). 
horning and Rutenberg^^ carried out some alkylations on 
l-inethyl-3-ethyloxindole (XXXV), in connection with the 
C. Horning and M. w. Rutenberg, Am. Che in. Soc.. 
22, 353^-6 (1950). 
17 
structure of morDhlne derivatives and synthetic anelgeelcs. 
The various alkyl halidee used were chloroacetonitrlle, JT-
chlorobutyronltrlle, and -dlmethylaminoethyl chloride, 
yielding the respective oxindole derivatives; l-methyl-3-
ethyl-3-cyanomethyloxlndole (XXXVI), l-methyl-3-ethyl-3-
(<r-cyanopropyl)-oxlndole (XXXVII) and l-roethyl-3'"e'thyl-3-
(/^-dinjethylaminoethyl)-oxindole (XXXVIII). In the case of 
chloroacetonitrlle, sodium ethoxlde In ethanol was used, 
whereas with the other two alkyl halidee, eodamide in toluene 
was employed. 
yyWTTT 
t 
j  C N  
Me 
XVXVI I  
18 
1 h Palazzo and Rosnatl carried out eeveral alkylatione 
of l-methyloxindolea using eodamide in toluene. l-Methyl-3-
phenyloxindole (XXXIX) reacted >rith /^-dlmethylaminoethyl 
chloride to form l-methyl-3-phenyl-3-(-dlmethylaminoethyl)-
oxindole (XL). However, under the same conditions, both 
dlmethylaminoethyl chloride and diethylaminoethyl chloride 
reacted with 1-methyloxindole (XXI) to give the 0-alkylated 
derivative (XLI). 
mix 
Me 
XEZ 
I 
Me 
sxr JLT 
(^9.-Me or Et ) 
14 
Or. Palazzo and V. Roenati, G-azz. chim. Ital.. 82. 58^-
9^ (1952). 
19 
"enkert^^ has carried out alkylationB of 3-phenylaoetyl-
oxindole (XLII) vith chloroacetonitrlle using sodium carbonate 
in acetone. Depending on the reaction time and the quantity 
of chloracetonitrile used, the following rjroducte were ob­
tained; l-i:5henylacetyloxindolyl-3-acetonitrile (XLIII), 
oxindolyl-3-ace"tonitrile (XLIV), and 3,3-dicyanomethyloxin-
dole (XLV). 
A 
nnr 
N 
I 
H 
ins 
I C N  
Wenkert, Doctoral Dieeertetion, Harvard University, 
1951. 
20 
Recently, Witkop and Patrlck^^ and Wenkert and Merten^? 
have dialkylated l-methyloxindole (XXI) vlth tetramethylene 
dibroniide to form l-methyl-3»3-'t®trEmethyleneoxindole (XLVI). 
16 Witkop and Patrick , in connection with reactions in­
volving geleemine and dihydrogelsemine, both of which have 
been considered as 3i3-disubBtituted oxindoles (XLVII), pre-
oared the N-msthyl derivatives (XLVIII) of theee compounds 
by refluxing their potassium salts with methyl iodide in 
benzene. 
> 
Mc 
jum 
Witkop and J. B. Patrick, Jj, Am. Chem. Soc.. 75. 
2572-6 (1953). 
Wenkert and H. Merten, unpublished studies. 
21 
The conversion of an oxindole to the corresponding 1-
methyloxindole derivative has been reoorted by Cook and co-
18 
workers . Reaction of 4-methoxyoxlndole (XLIX) with methyl 
iodide in sodium methoxide gave l-methyl-4-methoxyoxindole 
(L). 
O M e  
TOT ZLi 
A summary of the literature on the alkylation of oxin-
dole snd its derivatives with alkyl halidee, is given in 
Table 1. This table covers the literature thoroughly through 
1953» and includes dats on temperatures, reaction times, 
product yields where possible and appropriate references. 
Another procedure to form 1-raethyloxindoles is by re­
acting a solution of the oxindole compound in excess base 
with excess dimethyl sulfate. This procedure has been applied 
to gelsemine (XLVII) by V-'enkert^® to give N-methylgelsemine 
18 J. W. Cook, J. D. Loudon and P. McCloekey, Chem. 
Soc.. 1952. 390^-12. 
Table 1. Summary of Alkylatlons of Oxindole and Oxindole Derivetives 
Oxindole 
and 
Deriv. 
A 
Alkyl 
Hjrlide 
B 
Base 
C 
Mole 
Ratio 
of 
B til :C 
Solvent Temp. 
°C 
Time Product Yield Ref. 
Oxindole excesB 
ethyl 
iodide 
sodium 
ethoxide 
ethanol reflux. 2 hrs. 1-ethyl-
oxindole 
1 
3,3-di-
methyl-
methyl 
iodide 
sodium 
methoxide 
methanol 100-
120® 
16 hre. 1,3,3-tri-
methyl-
oxindole 
2 
Gelsemlne methyl 
iodide 
potaiBsiuffi 
s^lt of 
1 tl;l benzene reflux. 2 hrs. N-methyl-
gelsemine 
25 16 
Dihydro-
gelsemine 
methyl 
iodide 
potassium 
salt of 
A® 
1 .3:1:1 benzene reflux. over­
night 
N-methyl-
dihydro-
gelsemine 
80 16 
3-isopro-
pyi-
methyl 
iodide 
eodium 
methoxide 
8 .5:1:3.8 methanol 110-
120® 
16 hre. l-methyl-3-
isopropyl-
oxindole 
4 
^•eealed tube. 
^pre ared from potassium metsl and the oxindole derivative. 
Table 1 (Continued) 
Oxindole 
and 
Deriv. 
A 
idkyl 
Hclide 
B 
Base 
C 
Mole 
Ratio 
of 
B:A:C 
Eolx'^ent Temo. 
Oq' 
Time Product Yield 
% 
Ref. 
4-methoxy- methyl 
iodide 
eodium 
methoxide 
1:1:1 methanol 40-45 6 hre. 1-methyl-
4-fflethoxy-
oxindole 
19 18 
3-inethyl- methyl 
iodide 
BOdiUDl 
methoxide 
methanol 110-
120^ 
11 hre. 1.3,3-tri-
methyl-
oxindole 
n 
l-methyl-
3-forrayl-
methyl 
iodide 
sodium 
methoxide 
2:1:1.1 methanol reflux. 3 hre. 1,3-di-
methy1-
oxincole 
100 5 
1-methyl-
3-formyl-
methyl 
iodide 
sodium 
methoxide 
2:1:2.2 methanol reflux. 3 hrs. 1,3.3-tri-
methyl-
oxindole 
5 
1,3-di~ 
methyl-
methyl 
iodide 
Bodium 
methoxide 
2.2:i:l. 7 methanol reflux. 3 hre. 1,3,3-tri-
methyl-
oxindole 
84 5 
l,3-<ii-
methyl-
chloro-
sceto-
nitrile 
eodium 
ethoxide 
1.8:1:1. 2 ethanol 60 3 hrs. 1,3-di-
methyl-
oxindolyl-
3-aceto-
nitrile 
90 5 
Table 1 (Continued) 
Oxindole 
and 
Deriv, 
A 
Alkyl 
Halide 
B 
Base 
C 
Mole 
Ratio 
of 
B:A;C 
Solvent Temp, Time 
OQ 
Product Yield Ret 
1,3-di- T>hthal- eodium .8;l;l diethyl reflux, over­ 1,3-di­ 73 9 
meti^l- ifflido- ealt of ether night me thy 1-3-
ethyl A® {(^-phthal-
bromide imido-
ethyl-
oxindole 
1.3-di- ethylene sodium 8.7:1:1 diethyl reflux, over­ 1,3-di- 61 9 
methy1- bromide ealt of ether night methyl-3-
A® (^-bromo-
ethyl)-
oxindole 
1,3-dl- ethylene sodiim diethyl reflux, over­ 1,3-di- 10 
methyl- bromide salt of ether night methyl-5-
5-ethoxy~ A® ethoxy-3-
(^-bromo-
ethyl)-
oxindole 
1,3-di- bromo- sodium 1:1:1.1 eth£ nol reflux. 1 hr. 1.3-di- 69 7 
methyl- acetal ethoxide methyl-3-
oxindolyl 
acetal 
^^prepared from sodium metal end the oxindole derivative. 
Table 1 (Continued) 
Oxindole 
and 
Deriv. 
A 
Alkyl 
Halide 
B 
Base Mole 
Ratio 
of 
B:A:G 
Solvent Tgmp. Time Product Yield Ref. 
1-methyl-
3-acetyl-
l-methyl-
3-acetyl-
l-methyl-
3-acetyl-
methyl 
iodide 
l-bromo-2-
(N-tetra-
hydroieo-
quinolyl)-
ethane 
l-bromo--2-
{N-tetra-
hydroiso-
quinolyl)-
ethan© 
rodium 
ealt of 
sodium 
8glt of 
sodium 
Bglt of 
acetone 
9:1:1 acetone^ 100® 
1,3-dl-
methy1-3-
acetyl-
oxindole 
24 hre. l-methyl-3 
(^-N-tetra 
fc^droiso-
quinolyl-
ethyl)-
oxindole 
- 27 11 
acetone^ 140-
150® 
24 hrs. l-methyl-3 
{^-N-tetra 
l^droiso-
quinolyl-
ethyl)-
oxindole 
- 27 11 
^prepared from sodium ethoxide and the oxindole derivative. 
®prepared from alcoholic silver nitrate and the oxindole derivative. 
f> 
containing sodium iodide. 
Table 1 (Continued) 
Oxindole 
and 
Deriv. 
A 
Alkyl 
Halide 
B 
Baee 
C 
Mole 
Ratio 
of 
B:A:C 
Solvent TemD. Time Product 
oc 
Yield ReC 
% 
1-methyl-
3-acetyl-
1-methyl-
3-phenyl-
acetyl-
3-phenyl-
acetyl-
3-phenyl-
acetyl-
1-bromo- 2-
(N-tetra-
hydroiso-
quinolyl)-
ethane 
tetra-
methylene 
bromide 
chloro-
aceto-
nitrlle 
chloro-
aceto-
nitrile 
excesB 
chloro-
aceto-
nitrile 
sodium 
salt of 
Ad 
dioxane 80-90 11 hre. l-methyl-3 
(/^-N-tetra 
hydroiso-
quinolyl-
ethyl)-
oxindole 
- 27 
sodium 1:1:2 
ethoxide 
sodium 
carbonate 
ethanol reflux. 1 hr. 
acetone reflux. 4-6 
hre. 
sodivun 
carbonate 
Kodium 
carbonate 
acetone reflux. 
icetone reflux. 
1-methyl-
3,3-tetra-
methylene-
oxindole 
1-phenyl-
acetyl-
3-cyano-
methyl-
oxindole 
17 hre. 3- cyano-
methyl-
ox indole 
48 hre. 3,3-di-
cy®nomethyl 
oxindole 
11 
60-
70 
14 
17 
15 
15 
15 
Table 1 (Continued) 
Oxindole 
and 
Deriv. 
A 
Alkyl 
Kalide 
B 
Ease Mole 
Ratio 
of 
B:A;C 
solvent Temp. 
OC 
Time Product Yield Ref. 
% 
1-methyl-
3-phenyl-
1-methyl-
1-methyl-
3-acetyl-
1-methyl-
3-ethyl-
methyl-
amino-
ethyl 
chloride 
chloro-
aceto-
nitrile 
oxyethyl 
bromide 
cbloro-
aceto 
nitrile 
Bodamide 1.3:1:1'3 toluene 1^ 
Bodium 
methoxide 
sodium 5:1:1 
eglt of 
methanol 
ecetone 15O-
160® 
Bodium 2:1:1.1 ethanol 
ethoxide 
8 
l-methyl~3-
TDhenyl-3-
methylamino-
ethyl)-
oxindole 
l-methyl-3- 60 
oxindolyl-
aceto-
nitrile 
15 hrs. l-methyl- 56 11 
3-(^-phen-
oxyethyl)-
oxindole 
l-methyl- I3 
3-ethyl-3-
oxindolyl-
aceto-
nitrile 
Sreflux, with oil beth temp. » 150-160°. 
Table 1 (Continued.) 
Oxindole 
and 
Deriv. 
A 
Alkyl 
Halide 
B 
Base 
0 
Mole 
Ratio 
of 
B:A:C 
Solvent Temp. 
OQ 
Time Product Yield 
% 
Re£ 
l-methyl-
3-ethyl-
/^-di-
methyl-
amino-
ethyl 
chloride 
Bodaraide 1.9:1:1. 4 toluene l~methyl-3-
ethyl-3-(/^-
dimethyl-
aminoethyl)-
oxindole 
13 
l-metJoyl-
3-ethyl-
^-chloro-
propl.c 
nitrile 
eodamide 2.1:1:1. 2 toluene l-methyl-3-
ethyl-3-(^-
cyanopropyl)-
oxindole 
13 
3,3-di-
methyl-
excess 
methyl 
iodide 
s ilver 
salt of 
A® 
diethyl 
ether 
60® 10 hrs. 2-methoxy-
3,3-di-
methyl-
indolenine 
2 
3-i8 0Dropyl- excess 
methyl 
iodide 
silver 
salt of 
A® 
diethyl 
ether 
70® 12 hrs. 2-ffiethoxy-3-
ieopropyl-
indolenine 
U-
1-methyl- y«-di-
methyl-
amino-
ethyl 
chloride 
sodamide 1.7:1:1. 2 toluene l-methyl-2- 4l 
{/^-dimethylr-
aminoethoxy)-
indole 
14 
Table 1 (Continued) 
OxIndole 
and 
Deriv. 
A 
Alkyl 
Halide 
B 
Base Mole 
Ratio 
of 
B:A:C 
Solvent Temp. 
oq 
Time Product Yield Ref. 
% 
l-methyl-
3-formyl-
1-methyl-
3(<?-bronio-
ethyl)-
l-methyl-
3(^-bromo-
ettyl)-
1-methyl-
3-acetyl-
methyl 
iodide 
sodium 
salt of 
3.1j1:1 acetone reflux. 5 hrs. 
1-methyl- sodium 
3(^'-bronio- ethoxide 
ethyl)-
oxindole 
l-methyl-
3(^-bromo-
ethyl)-
oxindole 
2-(/? -
chloro-
ethyl)-
1-iBO-
quino-
lone 
tetra-
hydro-
isoquino-
line 
eodium 
eglt of 
eth&nol 
benzene 
room 
tenn 1. 
room 
temp. 
10-15 
min. 
10-15 
min. 
l-methyl-2- 22 
methoxy-3-
formyl-
indole 
2,3-dihydro- 2D0 
8-methylfuro 
C2.3-bl-
indole 
2,3-<ai- 100 
hydro-8-
methylfuro 
L2,3-"bl -
indole 
11 
11 
.5:1:1 dioxane^ 100 17 hPB. 1-methyl- 25 12 
2-]i2-N-(l-
oxo-1,2-di-
hydroiso-
quinolyl-
ethoxy )J -
3~acetyl-
indole 
Table 1 (Continued) 
Oxindole Alkyl Base Mole Solvent Temp» Time Product Yield Re£ 
and Hallde Ratio °C % 
Deriv. of 
A B C  B : A : C  
1-methyl-
3~acetyl-
2-(^ -
bromo-
ethyl)-
1-iso-
Qulnolone 
sodium 
salt of 
,iJ-:l:l dloxane^ 100 5 hre. 1-methyl-
2- |2-N-{1-
oxo-1, 2-di-
hydroleo-
quinolyl-
ethoxy)!]-
3-acetyl-
indole 
22 12 
l-methyl-
3-acetyl-
2-(/?-p-
toluene-
sulfon-
oxyethyl)-
1-leo-
qulnolone 
Bodium 
eglt of 
,7:1:1 acetone reflux. 1 hr. 1-methyl-
2- 12-N-(1-
oxo-1,2-dl-
hydroiso-
quinolyl-
ethoxy)] -
3-acetyl-
indole 
55 12 
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(XLVIII) and to 3i3"-tetrainethylene-5-nitro<!lxindole (LI) by 
Witkop and Patrick^®, to give 
erf 
I 
XLVII ... XLVIII 
l-methyl-3»3-'fc®'fcrametbylene-5-nitrodxindole (LII). 
I 
Me 
xnz 
Dlazomethane has been employed to prepare O-methylated 
oxindole derivatives. Whereas Horner^^ reported thst 
^^L. Horner, Ann.. 5^8. 117-^6 (19^1). 
32 
treatment of 3-formyloxlndole (XVII) with diazomethane yields 
3-inethoxymethylsneoxindole (LIII), Julian^ found that diazo­
methane reacted with l-methyl-3-formyloxindole (XIII) to 
form l-methyl-2-methoxy-3-formylindole (XVI), and also 1-
methyl-3-methoxymethyleneoxindole (LIV), by analogy with 
Horner'e compound (LIII). 
^0 
TTTT 
OMe 
"PIT 
3in: 32E 
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Ac.vlatlon 
Acylatlon of oxindole derivatives can occur by the at­
tack of anions, formed from the interaction of oxindolee 
with bases, on acyl halidee, eetere, or anhydrides, AB men­
tioned previously, the products vould be N-acyleted, 0-
acylated or C-acylated compounds, depending on experimental 
conditions and the nature of the reactants. 
20 Suida prepared 1-acetyloxindole (LV) by reaction of 
oxindole (I) and acetic anhydride. 
H 
X 
20v/. Suida, Ber.. 12, 1326-8 (1879). 
3^ 
Other oxlndole derivatives eimllarly yield 1-acetyl 
derivatlvee^*^*^* 
oh, 
Heller and Heine reacted the eodlum salt of oxindole 
(I) with benzoyl chloride to give 1-benzoyloxlndole (LVI). 
With an excesE of benzoyl chloride, a tribenzoyl derivative 
(LVII) was formed. 
Na- salt of 1 
f 0 
N 
I2C IZE 
Mazzara and A. Borgo, 0-azz. chiro. ital.. 35. II. 
320-6, 563-9 (1905). 
Reieeert and J. Echerck, Ber.. 31. 387-97 (1898). 
23g. vahl, Monatsh.. 525-35 (1917). 
Heller end H. Heine, Ber.. 42, 2775-8 (1916). 
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Stolle and co-workere^^ ehowed that 1- henyloxindole 
(LVIII) could be condensed vlth ethyl formate In the preeence 
of sodium to yield l-phenyl-3-formyloxind.ole (LIX). 
Julian and co-workere^ expanded this reaction to include 
not only formylation with ethyl formate, but seneral acylation 
with a variety of esters^The general procedure con-
Bieted of reacting the ester with 1-methyloxindole (XXI) in 
the presence of a slight excess of sodium ethoxide to produce 
l-methyl-3-acyloxindole8 (LX). 
25r. Btolle, H. Hecht and W. Becker, J_j_ prekt. Chem.. 
135. 3^5-60 (1932). 
36 
2zr xn 
Eetere emoloyed by Julian and co-vorkere were ethyl 
formate'^, ethyl propionate®, ethyl acetate, ethyl dlmethyl-
amlnoacetate, ethyl melonate^ and ethyl tetrahydrolBoquinolyl 
11 
acetate . In the case where the ester wae ethyl malonate, 
either LXI or LXII could be obtained depending on the con­
ditions* 
37 
The acylation of 1-methyloxlndole (XXI) was also 
studied hy Porter and co-workere^®, vho prepared the 3''e.cyl 
derivative using ethyl oxalate. 
Horner^^ applied the eame reaction to oxindole (I) and 
prepared 3-acyl derivetivee (LXIII) from ethyl acetate, ethyl 
oxalate, ethyl malonate, ethyl glycolate and ethyl glycolate 
methyl ether. 
I 
H 
A. 
N ' ^0  I 
H 
EXIE 
Hovever, Korner^^ vae unable to prepare 3-ac3'l deriva­
tives of oxindole from ethyl phthelimidomalonate, ethyl iso~ 
nitroeomalonate, ethyl isonitroeocyanoacetate, and ethyl tar­
trate. From the acylatlon of oxindole with ethyl malonate, 
in contraet to Julian'e work on 1-methyloxindole (XXI), 
C. Porter, R. Robinson and M. Wyier, Chem. 
Soc.. 19^1. 620-24. 
38 
Horner was unable to obtain the deemethyl product anelogoue 
to LXI, but obtp.lnec only the desmethyl analog of LXII. 
The catalytic reduction of l-methyl-3-ecyloxindoleB 
(LX) has been reported by Julian and co-workers^ to give the 
corresponding l-niethyl-3-alkyloxindole8 (LXIV). 
It Is Interesting to note however that in the reduction 
of l-methyl-3-(^ -N-tetrahydroisoquinolylacetyl)-oxindole 
(LXV), two products were obtained; the alkyl oxindole (XXVIII), 
and the ecyl indoline (LXVI)^^. 
I  -XXVIII  
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19 
Horner reported that 3-acyl oxlndolee (LXIII) were 
not catalytlcally reduced to 3-«iH5:yl oxlndolee. Eo-wever, 
Jullan^^ found no difference in the reduction of LXV, and 
the corresponding desmethyl derivative, although in the 
latter case, no products were Isolated. 
Sriinacher and Mahalconaidered 3-formyloxindole (XVII) 
to exist principally in the enol form (LXVII). 
X2IE Ly\/ii 
The enolbenzoate (LXVIII)^^^enolbenzenesulfonate 
(LXIX) and enolacetate (LXX)^^*^® of LXVII are known, as well 
ae the enolbenzoate (LXVIII)^®, and enolacetate (LXX)^® of 
l-methyl-3--hydroxymethyleneoxindole (LXXI)(enol form of XIII). 
^^'C. G-rij(nacher and A. Mahal, Helv. Chlm. Acta.. 6, ^ 67-
82 (1923). 
2®H. Fischer and K. Smeykal, Ber.. 56. 2368-78 (1923). 
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0 
L X V I I I  
(R--M Me) 
TXT 
(r.cH or 
rnx 
A proof Of the structure of LXVIII was given by Horner^^, 
vho showed that on catalytic hydrogenatlon, LXVIII was con­
verted to 3-methyloxlndole and benzoic acid. 
mm nxz 
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Condensation of oxindole aldehydes 
28 
Fischer and Smeykal in attempted Perkin condensations 
of LXVII and LXXI obtained products vhich they consider to 
be LXXII, but which Horner^^, on reinvestigation, believed 
to be LXXIII. 
N 
I 
R 
rmr (r.h) 
Lxyy (R=M«) 
L X X I I  
o r  M * )  
Lxxin 
(r=H 
Attempted condensations of 3-hydroxymethyleneoxindole 
pQ 
(LXVII) with rhodanine were unsuccessful, a fact ascribed 
to enolic character of LXVII. 
pQ 
However, Fischer and Smeykal were able to condense 
either LXVII or LXXI with hippuric acid in the presence of 
sodium acetate in acetic anhydride, to give an acetyl azlac-
tons (LXXIV) which could be hydrolyzed to the azlactone (LXXV). 
42 
COOH 
NH 
T 
333ZE:(R.»H) 
• L y X I , ( R.V Me) 
L V V I V  
(R= H O»- Me) 
TW 
(r.»H or Me) 
Inasmuch ts the azlactone could not be hydrolyzed to 
the expected acrylic acid, and after relnveetigetion of the 
reaction, Horner^^ postulated the formation of the enolace-
tete (LXX), followed by condensation at the 2~posltion to 
give an acetyl azlactone (LXXVI) which could then be hydro­
lyzed to the azlactone (LXXVII). 
43 
LmL(R«H) 
LXyr ( R^Me) 
COOH 
r 
^0^ 
sN 
r v° 
X 
OH 
r 
TTwr xmccE 
The condensation of 3-hydroxymethyleneoxindole with 
hydantoln^^ in the presence of acetic anhydride formed an 
N-acetyl condensation product (LXXVIII), vhich could then 
be hydrolyzed to the deacylated coiBpound LX} IX. 
Iwao, T. Katumura and M. Kotakl, ^  Chem. Soc. 
Jaoan. 60, 454-6 (1939). 
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OH 
-^0 
NH 
>0 
I 
H 
Twrr 
Oxlndole alkalolde 
Recently, several alkaloids from various plant species 
have been considered to te oxlndole derivatives. Of these, 
one of the firet was gelsemine, derived from G^eleemium 
sempervirens Ait. The evidence for this conclusion came 
from degradation studies on gelsemine, in which 3-ffi®thyl-
oxindole (IX) was isolated from a zinc dust distillation of 
45 
gelsemine hydrochloride^®; and also from SDectr&l studies 
by Kates and Marlon^^ who showed that the ultraviolet ab-
eorotion STpectra of geleemine and 3»3-dimethyloxindole (VI) 
were superimpoeable, while comparison of the infrared ab­
sorption spectra showed excellent correlation for imino, 
carbonyl and benzene ring absorption. 
12  Schwarz and Marion"^ in further investigations on alka­
loids derived from the gelsemium soecies, isolated two minor 
alkaloids of the group, gelsedine and gelsevirine which, on 
the basis of comparieons of ultraviolet and infrared spectra, 
were considered to be 1,3-disubstituted and 1,3,3-trieubsti-
tuted oxindole dsrivatives respectively. 
A comparison of the ultraviolet spectra of gelsemine; 
and formoeanine, rhyncophylline and mitraphylline derived 
from various mitragyna species was made by Raymond-Hamet^^. 
On the basis of similarities in the spectra, it was proposed 
that these mitragyna alkaloids had similar structural 
characteristics to gelsemine. 
Goutarel, M. M. Janot, V. Prelog, R. P. A. Sneeden 
and W. I. Taylor, Helv. Chim. Acta. 1139-53 (1951). 
31 
M. Kates and L. Marion, Can. J. Ghem.. 29. 37-45 
(1951). 
32 
H. Schwarz and L. Marion, Can. J. Chem.. 31. 958-
75 (1953). 
^^Raymond-Hamet, Compt. rend.. 230. 1405-7 (1950). 
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Degradation etudiee on rhyncophylllne^^, mitraphylllne^^, 
and unct.rine-A from Uncarla kawaklmll Hayata^® yielded a 
^10®9 OS compound. Barger and co->''orkerB^^ obtained the coffi-
pound by a calcium oxide distillation of rhyncophylline and 
thought it to be methylcarboetryril, whereas Cook and co­
workers^^ isoleted a Cj^oH^ON compound from a zinc dust dis­
tillation of mitraphylline hydrochloride, which was considered 
to be identical with the product derived from rhyncophylline^^, 
but was thought to be 3-vinyloxindole {LXXX)35, The product 
isolated by Kondo and Nozoye^® by the palladium distillation 
of uncarine-A or the degradative distillation of uncsrine-A 
methiodide was thought to have the dihydrofuroindole structure 
(LXXXI). 
G-. Barger, E. Dyer and L. J. Bargent, J, Org. Chem.. 
4, 418-27 (1939). 
W. Cook, R. M. G-alley and J. D. Loiidon, Chemistry 
and Industry. 1953. 640. 
Kondo, T. Nozoye and M. Tomita, Annual Rept. ITSUU 
Lab.. 1, 30-6 (1950). 
k? 
The structure LXXX^^ was assigned on the basis of 
snalyses, ultraviolet absorption spectra, and the catalytic 
hydrogenation of LXXX to 3-e"thyloxindole, while LXXXI^® was 
assigned on the negative evidence of unreectivity toward 
ozone, thus eliminating LXXX, and on analyses. 
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DISCUSSION 
The action of bases on oxindole may lead to the forma­
tion of anions as represented by the folloTArlng equation. 
This affords the opportunity of N-alkylatlon, 0-alkyla-
tlon or G-alkylatlon on reaction with alkyl halldee. 
12 4 3 4 In general ' ' , however, with perhaps two except Ions, 
It has been shown that when the possibility of N-alkylatlon 
exlstg, It is the preferred reaction. Therefore, whenever 
C-alkylation was attemuted^'*^'®'^'^®, or If C-alkylatlon 
versus 0-alkylatlon was to be studied^*N-alkylated 
oxindoles have been usee'. 
Instances in the oxindole series In which 0-alkylation 
is reported to occur in preference to C-alkylation are quite 
rare, and it became of interest to reinvestigate some of 
these for possible structural misinterpretationB and also 
for use that could be made of an O-alkylated oxindole to 
i!-9 
function ee a "model" coffi-ound for infrared and ultraviolet 
absorption studies. 
The 0-alkylation of l-methyl-3-forinyloxindole by Julian 
and co-workers'^ to produce l-methyl-2-methoxy-3-formyllndole, 
although not an alkylation of a sim le oxindole, seemed to 
Justify re-examination for the following reasons. It seemed 
strange that alkylation of this ^-dicarbonyl eyetem should 
occur on the carbonyl group of the amide function rather 
than that of the formyl group*. 
It was hoped that a structure could be unambiguously 
assigned by a conpiderstion of the infrared and ultraviolet 
absorption spectra of the alkylation product and its reduction 
product, and also chemically, by ozonization studies. 
Schematically the structural poesibilities could be 
outlined as follows: 
Me 
*It has been reported^i^ that 3-formyloxindole6 are highly 
enolic, existing as the hydroxymethylene tautomers. 
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It was found In fact that the ultraviolet absorption 
spectrum of the alkylation product and starting material were 
very similar; the maxima appearing at 265 {log ^ ^.^5)i 
301 mp (log €. ^.00), and 265 (log 6 ^.38), 308 m;! (log^ 
4.10) respectively. The ultraviolet absorption spectrum of 
the reduction product was very similar to a simple oxindole, 
having a characteristic maximum at 252 mjx (log ^ 3*98). 
Furthermore, the infrared absorption spectrum of the alkyla-
tion product was quite similar to that of a simple oxindole 
with the addition of an absorption peak at 6.03 which 
could be attributed to the enol ether linkage, while the 
infrared absorption spectrum of the reduction product showed 
characteristic oxindole carbonyl absorption at 5.»82 p and 
was in fact euperlmposable on that of 1,3-dlraethyloxindole. 
In chemical studies, it was shown that the ozonization of 
the alkylatlon product yielded 1-methylisatln. Infrared and 
ultraviolet spectra are shown in Figures 1, 2, 12 and I3* 
and these together with the chemical data obtained indicated 
the alkylatlon product to be l-methyl-3-®ethoxymethylene-
oxindole rather then l-methyl~2-methoxy-3-formyllndole. 
*These figures and all others mentioned subsequently 
appear in the Spectra section. 
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This would lead to the prediction that In other instances 
1 P involving the reported 0-alkylation of 3-acyloxlndoles-^^, re­
action may have occurred at the ketone carbonyl rather than 
the amide carbonyl. 
The reported 0-alkylation of 1-methyloxindole with 
-dlmethylaminoethylchloride^^ warranted further study since 
the structural assignment seemed to be based on inconclusive 
evidence. The authors made a comparison of ultraviolet ab­
sorption spectra which showed considerable similarity to a 
simple oxindole, and compared the melting points of deriva­
tives of their product with the corresponding C-alkylated 
product prepared by Julian"^. However, the derivatives com-
ik 
pared were not the same, being in one case the picrolonate , 
and in the other the picrate"^. 
A careful repetition of this work yielded a product 
which gave an ultraviolet absorption spectrum completely in 
agreement with that of a simple oxindole, and an infrared ab­
sorption spectrum showing the characteristic oxindole carbonyl 
absorption at 5-82 p. Furthermore, analyses of the picrate, 
and comparison with an authentic sample of the picrate of 
the C-alkylated product (prepared by Julian's method) indi­
cated that the product was indeed C-alkylated. 
Considerable difficulty was encountered in the prepara­
tion of this picrate due to the inability to obtain the 
52 
7 
reported melting point . Lven after reperted recryetalliza-
tione it melted about eight degrees below the reported value. 
It was therefore neceeeary to obtain an authentic sample of 
the picrate , which on comparison shoved the same melting 
point, and gave no depreseion on mixed melting point deter­
mination. Infrared end ultraviolet absorption epectra are 
shown in Figures 3 end 14. 
A further literature search for simple 0-alkylated oxin-
doles per se. in an attempt to obtain a "model" compound for 
infrared and ultraviolet absorption epectra studies indicated 
that the reported intremolecular 0-alkylation of l-methyl-3-
(/^-bromoethyl)-oxindole to produce a dihydrofuro derivative^^ 
as outlined in the following equation vould be vorthy of 
repetition. 
JU 
An authentic sample was l^indly sup lied by Dr. P. L. 
Julian. 
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It Is of Interest to note that In the preparation of 
1-methy 1-3-(-tJi'Offie'thyl)oxindole, contrary to published re-
7 
ports , that an N-alkylated oxindole unsubstituted in the 3-
position cannot be alkylated directly, the direct C-alkyla-
tion of l-methyloxindole could be used. The general procedure 
developed involved the prior formation of the anion from an 
equivalent amount of sodium hydride in benzene, followed by 
reaction with the appropriate alkyl halide . 
The further reaction of l-methyl-3-(/^ -bromoethyl}-
oxindole with sodium ethoxide solution yielded the supposed 
0-alkylation product. However, the ultraviolet absorption 
spectrum of thie compound showed all the characteristics of 
a simple oxindole, while the infrared absorption spectrum 
contained the characteristic oxindole carbonyl band. Fig­
ures 4 and 15 show the infrared and ultraviolet absorption 
spectra comparisons which indicate, when coupled with analy­
ses that the compound must be l-methyl-3»3-dimethyleneoxin-
dole, formed according to the following equation. 
.e? 
N "^0 
Me 
See p. 67 for further discussion of this procedure. 
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The chemical evidence cited by Jullan^^ to support the 
0-alfcylated structure, such ae conversion to starting material 
with concentrated hydrobromic acid, would ap'ly equally well 
to the above C-alkylated structure. 
This study led to some interesting predictions in the 
field of oxindole alkaloide. In view of the fact that three 
groups of investigators^^'had isolated a compound 
having an empirical formula from degradation studies 
of the oxindole alkaloids rhyncophylline , mitraphylline-^-^ 
and uncarine-A^®, and that the reported melting; points and 
other physical and chemical properties were in good agreement, 
it would not be too surprising if they were identical. How­
ever, conflicting structures had been assigned ae follows, 
although Cook^^ felt that hie comDOund on the basis of re­
duction to 3-ethyloxindole and that of Barger^^ were identical 
and had the 3--vlnyloxindole structure. Kondo^® on the other 
55 
hand ruled out the 3-vinylox.lndole structure on the basis of 
unreactlvity toward ozone, which should also have ruled out 
the 0-alkylated structure which he assigned. The other 
structural poseibility neglected by these authors was the 
3,3-dimethyleneoxindole structure, which had been synthe­
sized by Markees and Burger^"^ in connection with some anti-
tubercular studies. Its melting point and ultraviolet ab-
sorption spectrum, run on an authentic sample , were in good 
agreement with the degradation products and its ultraviolet 
spectrum was of course similar to that of l-methyl-3,3-dl-
methyleneoxindole. It was predicted therefore, on the basis 
of these similarities and by comparison with l-methyl-3,3-
dimethyleneoxindole, that the degradation nroducts from the 
oxlndole alkaloids had the structure 3»3-dimethyleneoxindole. 
Figures 5 and 16 give infrared and ultraviolet absorption 
spectra comparisons. A melting point sample of Kendo's com-
pound showed no depression on mixed melting point deter­
mination with authentic 3,3-dimethyleneoxlndole. 
Since for biogenetic reasons oxlndole alkaloids must 
possess a 3-ethanamino grouping, a possible mechanism for the 
formation of the degradation product would be the following. 
37d. G. Markees and A. Burger, Am. Chem. Soc. . 71. 
2031-5 ( 1 9 ^ 9 ) .  
A sample was kindly supplied by Professor Burger. 
## 
A sample was kindly supplied by Dr. T. Nozoye of 
Dr. Kondo's group. 
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<3> 
( Y = <  . r  
(R=H) 
Some attempts were made to synthesize 3-vinyloxindole 
to compare its t)ropertlee with those of 3,3-dimethyleneoxin-
dole. The synthetic path proriosed was to react lithium 
acetylide with ie&tin to form the corresponding dioxindole, 
and then by a reductive step (catalytically, chemically or 
both) nroduce 3-vinyloxindole. 
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Precedence for the reductive step can be found in various 
reports of conversion of dioxindoles to oxindoles^'^' 
and of triple bonds to double bonds^^*^^. 
However, although 3-ethynyldloxindole was synthesized, 
various attempted catelytic reductions of other dioxindoles 
to oxindoles suggested that catalytic conditions stringent 
enough to remove the hydroxyl group by hydrogenolysis would 
certainly reduce a triple-bond to the singly-bonded system. 
Marschalk, Ber.. 4^, 582-5 (1912). 
OQ 
J. M. Gulland, R. Robinson, J. Scott and S. Thornley, 
J. Chem. Soc.. 1929. 2924-i+l. 
Il(\ 
P. L. Julian and H. C, Prlnty, J. Am. Chem. Soc.. 71. 
3206-7 (19^9). 
Sakurai, Bull. Chem. Soc. Japan. IZ, 269-7^ (19^2). 
hp 
K. N. Campbell and M. J. 0«Connor, J. Am. Chem. Soc.. 
61, 2897-900 (1939). 
^^A. F. Thompson and £. B. Wyatt, ^  Am. Chem. Soc.. 62. 
2555-6 (mo). 
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For example dloxlndole wae not catalytlcally reduced using 
palladium hydroxide on barium sulfate while with platinum 
oxide in glacial acetic acid and 3-isopropyldloxindole, 
amounts of hydrogen equivalent to two to three moles were 
absorbed, indicating a much deeper-eeated reaction then sim­
ple hydrogenolyeie, Furthermore, although mild catalytic 
conditione might be predicted to loroduce 3-vinyldloxlndole 
from 3-ethynyldloxindole, further chemical reduction of the 
hydroxyl group would give ae a final product 3-ethylldene-
oxindole* Infrared and ultraviolet abeorptlon Bi::ectra are 
given in Figures 6 and 1?. 
One of the possible exceptions mentioned earlier to the 
criterion of N-alkyl&tion prior to C-alkylation or O-elkyla-
tion is found in the reported 0-alkylation of 3-ieopropyl-
oxlndols through its silver salt to produce 2-methoxy-3-
4 ieopropylindolenlne . 
I 
H 
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In view of the well-establlehed fact that indolenlnee, to be 
stable as such, must be 3.3-<3l8ubstituted, it eeemed more 
probable that this compound would actually have the tautomeric 
indole structure, and if bo, would be a good "model" compound 
for infrared and ultraviolet absorption spectra studies of 
0-alkylated oxindolee. 
Consequently, this reaction was reinveetigated, the first 
step being the synthesis of 3-lBopropyloxlndole by the Brunner 
orocedure. This involves the condensation by ring closure 
of a phenylhydrazide in the presence of calcium oxide, of 
which the following mechanism represents a possible path. 
m h o  
K 
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The repetition of this preparation gave a compound the 
melting point of which wae in good agreement with that of 
h, 
Schwarz and which poseeBsed infrared and ultraviolet ab­
sorption spectra characteristic of an oxindole. However, 
using the reported conditione for the preparation of the 
silver salt^ (aqueous silver nitrate nlus a dilute solution 
of the oxindole) no reaction occurred, whereas a silver salt 
was readily formed when an alcoholic solution of the com­
pound was treated with ammoniacal silver nitrate eolution 
(a procedure previously employed by Brunner with 3»3-di-
h 
methyloxindole, but stated by Schwarz to be ineffective 
with his comoound). Furthermore, on reaction of this silver 
salt with methyl iodide, no product identical with that re­
ported by Schwarz could be isolated, but rether a very small 
amount of a comoound was formed having a melting point 
widely different from the Schwarz product . 
This apparent anomaly was clarified somewhat when a 
repetition of the preparation of 3-isopropyloxindole yielded 
a different product, having however the same melting point 
as 3-iBopropyloxindole but other properties more like those 
of the compound described by Schwarz. For example, this 
compound formed no silver salt on treatment with ammoniacal 
See t). 72 for further discussion of this compound. 
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silver nitrate solution. A study of the analyses of this 
compound and its infrared and ultraviolet absorption spectra 
indicated it to be actually ieovaleranilide, a fact con­
firmed on comparison by mixed melting point with an authentic 
sample. 
This would suggest thet the compound reported as 3-
isopropyloxindole might have been actually isovaleranilide 
(their analyses differ only slightly), and that if indeed 
0-alkylation via the silver salt occurred, the product would 
be an 0-allcylated anilide. 
There is precedence for such a reaction in the 0-alkyla-
kk tion of anilides via silver oxide , which would be completely 
analogous to this. 
D. Lander, Chem. Soc.. 1900. 729-53* 
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A possible mechanism for the formation of ieovaleranilifie 
from isovalerylphenylhydrazide might be the following. 
The formation of aniline as one of the products is an 
observed fact in reactions of this type. A summary of the 
infrared and ultraviolet absorption spectra of this series 
of compounds is phown in Figures 7 and 18. 
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Another possible route to the synthesis of 3~isopropyl-
oxlndole would be via 3-ieopropyldioxindole (See Figures 6 
and 17) which was prepared by reaction of isopropylmagneeium 
bromide witx: ieatin. Ho-wever, the various reductive methods 
attempted to convert the dioxlndole to the oxindole were un­
successful (see page 58), although it is robable that this 
conversion could be accomolished by further careful study. 
Thus it can be seen that the reported instances of sim­
ple O-alkylated oxindoles arose from structural misinter­
pretations, so that it became necessary to devise a synthetic 
route to obtain them. 
One poBsibillty which seemed to hold promise would be 
the reaction of a 2-halolndole with a base such as methoxlde 
ion to produce 2-methoxyindole. 
OMe 
This centered attention on possible syntheses of 2-halo-
Indoles for which, broadly speakinff, there might be two 
mein apriroaches. ftartin. with Indole derivatives, as for 
6^ 
exaffiole, Indole-2-carboxyllc acid, 2-hgloindole could be formed 
by a Hunsdiecker reaction. 
COOH 
jl^  + A,X +COz 
(as 
On the other hand, starting with oxindole, and by the re­
action with reagents euch as phoephorue pentachloride or 
thlonyl chloride, It might be possible to form 2-halolndoles. 
^0 
PCI. 
SOCI« 
+ HC» -V POCJ, 
M 
I  
H 
•CI 
o 4 HCI + SOa 
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However, the reaction of 3-ieopropyloxindole with 
phosphorus pentachlorlde produced chlorinatlon In the 3-
posltion to yield 3-chloro-3-isopropyloxindole as evidenced 
by analyses and comparison with the product formed on re­
action of ieopropyldioxlndole with thlonyl chloride, with 
which it w^as identical. It is well known that phosphorus 
pentachlorlde is a chlorinating agent and in fact the re­
actions of acetanilide and chloroacetanilidee "dth phosphorus 
pentachlorlde produce chlorinatlon in the methyl group to­
gether with the chlorimine, the amount of chlorinatlon de-
I lK 
pending on the quantity of phosphorus pentachlorlde used 
Infrared and ultraviolet absorption spectra are shown in 
Figures 8 and 19. 
It was thought therefore that thlonyl chloride which 
is not a chlorinating agent and which has recently been em­
ployed to convert o,-nltrophenylacetamide to ^-nitrophenyl-
36 
acetonltrlle , a process which must involve intermediate 
formation of a chlorimine would be a suitable reagent to 
convert oxindoles to S-chlorolndoles. 
The reaction of thlonyl chloride with oxlndole itself 
or 1-methyloxindole produced a dark-red crystalline material, 
which in the case of the product from 1-methyloxindole seems 
von Brf un, F. Jostes and \'L MiJnch, Ann.. 453. 
113-^7 (1927). 
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to be dimerlc by analyses and probably involves double-bond 
formation at the 3-positlon since in "test-tube" runs using 
3-ffionoalkyloxindoles, no such red color developed. Infrared 
and ultraviolet absorption spectra are shown in Figures 9 
and 20. 
The use of diazomethane as an alkylating agent for the 
/^'-dicarbonyl system contained in 1-me t hyl-3-hydroxy me thyle ne-
6 19 
oxindole , and 3-hydroxyinethyleneoxlndole^ has been mentioned 
previously. Whereas Horner^^ reported the formation of 3-
methoxymethyleneoxindole from the reaction carried out in 
methanol, Julian reports the formation of both l-methyl-3-
methoxymethylen-oxindole and l-methyl-2-methoxy-3-i'ormyl-
indole but does not specify the solvent. 
The reaction of diazomethane T^'ith l-methyl-3~hydroxy-
methyleneoxindole in verioue solvents was therefore investi­
gated, ''hen ether was used as the solvent, the isolable 
product melted at 137-138®, and showed depression in melting 
point on admixture with l-methyl-3-methoxymethyleneoxindole. 
Infrared and ultraviolet absorption spectra aleo indicated 
a structure radically different from that of l-methyl-3-
methoxymethyleneoxlndole. Analyses however indicated the 
same empirical formula as l-methyl-3-methoxymethyleneoxin-
dole GO that tentatively, l-methyl-2-inethoxy-3-formylindole 
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could be esBlgned as the structure pending rigoroue nroof 
by other chemical means. 
The reaction of diazomethane with l-inethyl-3-hydroxy-
methyleneoxindole in methanol gave products vhich were very 
hard to purify so that even using chromatography, samplee 
pure enough for mixed melting point determination were dif­
ficult to obtain. However, infrared 8T)ectra on several 
fractions from the chromatograr^hy showed all the charac-
terietlce of l-methyl-3-raethoxymethyleneoxindole, so that 
with the reservation that rearrangement could have occurred 
on the alumina chromatography column, the product was identi­
fied as l-methyl-3-methoxyraethyleneoxlndole. 
Infrared and ultraviolet absorption spectra are shown 
In Figures 10 and 21. 
The procedure used for the alkylation of 1-methyloxin-
dole using sodium hydride in benzene has been mentioned 
previously. It was emr>loyed successfully in the preparation 
of 1,3-dimethyloxindole, l-roethyl-3-(/^-dlmethylamlnoethyD-
oxindole and l-methyl-3-(/(S-bromoethyD-oxindole. In all 
Instances the reaction was carried out via the prior forma­
tion of the anion from 1-methyloxindole and an equivalent 
amount of sodium hydride in benzene followed by reaction with 
the appropriate alkyl halide. The reaction was of course 
heterogeneous, and it xi'as felt that this heterogeneity was 
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advantageous in obtaining monoalkylation since the posei-
bilitj for anion exchange would be greatly diminished under 
these conditione. The reported difficulty in obteining 
7 
monoalkylation of 1-methyloxindole , elthough the vgrioue 
methods attempted %'ere not described, vould be underetand-
able for homogeneous conditions. In such caeet, anion ex­
change woiild occur so that even with molar ratios at unity, 
mixturee of mono- and dialkylated producte could result. 
This would be particularly true if the criterion is followed 
that the introduction of the second alkyl group is much 
easier then the first''. In fact, dialkylation hae been 
16 17 
shown to proceed well under homogeneous conditione ' '. 
It was hoped that thie heterogeneous alkylation pro­
cedure could be applied to oxindole itself if the oxindole 
nitrogen was "protected" by a grouping which could later be 
removed. The compound decided on wae 1-acetyloxindole, but 
unfortunately when the alkylation of l-acetyloxindole was 
attempted, it vae unsucceesful. The attempted formation of 
the anion with sodium hydride did not proceed well, giving 
color changes attributable perhaps to anion rearrangements 
and interactions. The further reaction with an alkyl halide 
such as ^  -phthaliinidoethyl bromide reeislted in recovery of 
the major portion of the alkyl halide. Some experiments were 
initiated using sodium disTDereions and potassium tertiary 
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butoxide but pgain with little suoceas. Hovever further 
study of other possible "protecting" groups and of other 
poeelble bases should lead to the 3-filkylation of oxindole. 
It hae been mentioned previously that attempted Perkin 
condensatlone of 3-'hydroxyinethyleneoxlndole and l-inethyl-3-
hydroxymethyleneoxindole gave products to which various 
structures have been asslgned^^* 
It was hoped that a study of the catalytic hydrogena­
tion of the Perkin product from l-inethyl-3-hydroxymethylene-
oxindole would aid in a better understanding of the correct 
structure. Under catalytic ti^drogenstlon using platinum 
oxide in glacial acetic acid, there wae a rapid uptake of one 
mole of hydrogen with comr^lete lose of the dark red color of 
the Bolution to yield a product melting at 182-183® and having 
infrared and ultraviolet spectra consistent with those 
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of a simple oxindole. The analyses checked quite well for 
bis-(l-methyloxindolyl-3)-roe thane. 
These results cast doubt on the structural aBsignmente 
19 28 
made for these compounds ' , as any mechanism for obtaining 
an oxindole from theee structures by the catalytic absorption 
of one mole of hydrogen seemed highly impossible. 
On checking the analyses reported for the Perkin con-
densation product of 3-iiydroxymethyleneoxindole it was 
found that they did not agree too well with the calculated 
values. 
Anal.^^ Calcd. for C^^iH^OgN: C, 71-33; H, 3.81; N, 
7.57. Found: C, 70.95; H, i^.37; N, 7.75-
The analyses for the corresponding 1-methyl compound 
were not given, it being assumed that it had the analogous 
pQ 
structure to the desmethyl com pound . 
The idea suggested itself that the Perkin product might 
have a bie-msthyne structure which on hydrogenation would 
give a bis-(oxindolyl)-methane. 
The hydrogen-bonded structure shown for this compound 
although it involves a seven-membered ring would explain the 
red color of the compound and also its ultraviolet spectrum 
which is widely different from "model" oxindole compounds. 
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The eyntheslB of the bie-methyne compound was carried 
out by the reaction of the anion of l-methyloxindole (pre­
pared from l-methyloxindole and Bodium hydride in benzene) 
with l-methyl-3-chloromethyleneoxindole (prepared from 1-
methyl-3-hydroxymethyleneoxindole and thionyl chloride) to 
produce t yellow crystalline compound melting at 2^8-250°, 
not the same as the Perkin product and having analyseb which 
do not check veil for the bia-methyne compound, although 
infrared and ultraviolet spectra are consistent with this 
formulation. 
Analyeee of the Perkin product iteelf however showed 
19 28 that it must have a structure other than those reported ' 
Infrared and ultraviolet absorption spectra are shown 
in Figures 11 and 22. 
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The compound mentioned previously (see page 60), isolated 
from an attempted methylation of the silver salt of 3-l®opropyl-
oxindole, was obtained in too email a yield for anelysee to be 
run. However, from the infrared and ultraviolet spectra (see 
Figures ? and 18) tentative structures could be assigned. 
The infrared snectrum showed no oxlndole carbonyl absorption 
and was void in the '^NR region. The ultraviolet spectrum 
was different from that of a simnle oxlndole . From a con­
sideration of these facts the possible structures would be 
l-methyl-2-raethoxy-3-ieopropylindole or 2-methoxy-3-methyl-3-
iBopropylindolenlne, resulting from 0-alkylatlon and N-alkyla-
tion in the one case, and from 0-alkylation and C-alkylatlon 
in the other* It has been reported^® that the ultraviolet 
spectrum of 2-methoxy-3»3-dlmethylindolenine is quite similar 
to that of a simple oxlndole which fact would cast some doubt 
on the substituted Indolenlne structure and thus favor the 
substituted indole structure. 
*The log € values may be incorrect due to errors in 
weighing the very small sample. 
kg 
M. Tomita, S. Uyeo and R. Yamamoto, J. Pharm. Soc. 
Japan. 64, 164-8 (1944). 
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SPECTRA 
Infrared absorotion spectra were run on all compounds 
using e Baird Double Beam infrared spectrophotometer except 
in one Instance where high gain was required and a Perkin-
Elmer Model 13 Direct Ratio infrared epectrophotometer was 
employed. Ultraviolet absorption spectra were run on all 
compounds using a Gary recording spectrophotometer. Special 
thanks are due to Dr. H. Shull, Dr. M. Margoshes, and Mr. 
R. M. Hedges for instruction in the operation of the Baird 
spectrophotometer and to Drs. H. Svec and S. Jaffe for 
instruction in the operation of the Gary snectrophotometer. 
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EXPERIMENTAL* 
l-Methyl-'3'-Biethoxymethyleneoxlndole 
To 3»0 g' (0.015 mole) of the sodium salt of l-methyl-
3-hydroxyBietbyleneoxindole (prepared in yield from 1-
methyl-3~hydroxymethyleneoxlndole and eodium ethoxide) 
suspended in 40 ml. of acetone, was added 20 ml, of methyl 
iodide. The mixture was stirred and refluxed under nitro­
gen for nine hours, at which time com -lete solution had 
taken nlace to give a light yellow solution. A ferric 
crloride test was etill positive. The volume of the fjolu-
tion vas decreased to about 15 ml. by evaporation under 
decreased nressure in an atmosphere of nitrogen. Ut)on 
cooling, 0.9 g. of a >rhite solid melting at 210-213° sep­
arated, and on the addition of ether to the filtrate an 
additional 1.9 g. of T-rhite solid separated. Treatment of 
this white solid with water and recrystallization from 
dilute methanol afforded 0.69 g. {Z^%) of white crystale 
melting at 13^-135°' 
All melting points are corrected. 
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Catalytic reduction of l-methyl-3-methoxynieth.yleneoxlndole 
Depending on the catalyst used different products or 
mixtures of oroducte were obtained. 
Palladium oxide. To 10 mg. of palladium oxide (pre-
reduced in 20 ml. of 95^ ethanol with hydrogen at one atmos­
phere) vras added 100 mg. of l-methyl-3~ra®'thoxvmethyleneoxin-
dole, and hydrogenation at one atmosphere was carried out 
while hydrogen ebsorptlon was messured volumetrically. An 
amount of hydrogen corresponding to 1.95 moles was absorbed. 
The elcohol solution wae filtered to remove the catalyst 
and concentrated to dryness under reduced pressure. The 
residue on recrystallization from petroleum ether (b.r. 60-
70°) deposited 70 mg. (7^^) of vhite crystals melting at 
5^-55°» £^nd showing no depression of melting point on ad­
mixture with authentic 1,3-dimetlyloxindole. 
Palladium hydroxide on barium carbonate. To 0.5 g. of 
Pd(0H)2/BaC02 catalyst (prereduced in 50 ml. of 95% ethanol) 
wae adced 1.0 g. of l-methyl-3-methoxymethyleneoxindole. 
Hydrogenation at one atmosphere was carried out and hydroaen 
absorption was me? sured volumetrically. An amount of hydro­
gen corresponding to 1.21 moles vas absorbed. The reection 
mixture was filtered to remove catalyst and concentrated to 
dryness under reduced pressure. Fractional recrystallization 
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of the residue from petroleum ether (b.p. 60-70°) gave two 
products, one melting at 5^-55°» and ehovrlng no depression 
in melting point on admixture with authentic 1,3-<3•imethyl-
oxlndole, the other melting at 57-58°, and showing depression 
in melting point on admixture with 1,3-dimethyloxindole. 
•alladium hydroxide on barium sulfate. To 0.5 g. of 
Pd(0H)2/BaS0ij, catalyst (prereduced in 15 ml» of 95% ethanol) 
wae added 95»5 mg. of l-methyl-3-ffiethoxymethyleneoxindole. 
Hydrogenation at one atmoephere wae carried out and an amount 
of hydrogen corresponding to 0.96 mole was absorbed. The 
reaction mixture was filtered to remove catalyst and con­
centrated to dryneee under reduced rireeeure. The residue, 
on recrystallization from petroleum ether (b.p. 60-70°) gave 
50 mg. (52%) of white crystals melting at 57-58'^ showing 
depression in melting point on admixture with 1,3-dimethyl­
oxindole but no depression in melting r>oint on admixture 
with the compound of the same melting point mentioned in the 
previous experiment. Infrared and ultraviolet absorption 
spectra together with analyses indicfrted this compound to be 
l-methyl-3-methoxyms thyloxindole. 
Anal. Calcd. for C2^x%3*^2N* 69.08; H, 6.86; N, 
7.32. Found; C, 69.87, 69.87; H, 6.77, 6.82; N, 7.^3, 7.^3. 
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1- Me t hy 1 le at In 
A solution of 15.0 g. of isatin diseolved in 80 ml. of 
10^ sodium hydroxide was shaken for two houre with 2^.0 a-, 
of dimethylsulfate. After filtration, washing and repeated 
recryetallizations from 25% ethanol, red crystals melting 
at 125-126® were obtained. The final purification wae car­
ried out by chromatography on alumina using benzene as 
solvent and eluent to give red crystals melting at 131-132°. 
Ozonization of l~methyl-3-methox.ymethyleneoxindole 
Ozonized oxygen was passed through a solution of 100 
mg. of l-methyl-3-fflethoxymethyleneoxindole in 20 ml. of ethyl 
acetate, while cooling the solution in an ice-bath. The 
solution turned yellow. After hydrolysis by shaking with 
ice-water, the layers were separated, and the water layer 
washed repeatedly with ether. The ether and ethyl acetate 
layers were combined and solvent was removed. Various re-
cryetallizatione from water and benzene-petroleum ether 
mixtures were unsuccessful. Chromatography on alumina using 
benzene ae solvent and eluent gsve red crystals melting at 
130-131° and showing no depression in melting point on ad­
mixture with authentic 1-methylisatin. 
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1.3.3~Trimethyloxlndole 
To a mixture of 0.2^ g. (0.01 mole) of sodium hydride 
in 10 ml. of dry benzene was added, with stirring under nitro­
gen, 1.61 g. (O.Ol mole) of 1,3-di®ethyloxindole. A white 
precipitate formed, and after all hydrogen evolution had 
ceased, 1.24 ml. (0.02 mole) of methyl iodide in 5 nl. of 
dry benzene wae added. After stirring overnight at room 
temperatures, the reaction mixture was filtered, and the 
filtrate evaporated to dryness. The residue on being sub­
jected to high vacuum distillation gave 1.3 g. (75^) of a 
water-clear oil which solidified to a white cryBtalline solid 
on standing. Recrystallization from petroleum ether (b.p. 
60-70°) gave white crystals melting at 50-51°• 
1.3-Dimethyloxindole 
To 0.72 g. (0.03 mole) of eodlum hydride in 20 ml. of 
dry benzene was adced, with stirring under nitrogen, 4-.41 g. 
(0.03 mole) of 1-methyloxindole in 15 ml. of dry benzene. A 
white precipitate formed and after the evolution of hydrogen 
had ceased, 0.06 mole of methyl Iodide was added. After 
stirring at room temperature overnight, the reaction was 
filtered and the filtrate concentrated to dryness. 
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Distillation at 0,35 rnm. of mercury yielded 4 g. of oil 
(b.p. 80-90°). On standing, a eniall amount of 1-methyloxin-
dole crystallized out. deeding of the residual oil with 
1,3-dimethyloxindole induced crystallization of 3 g* i 62%)  
of 1,3-dimethyloxlndole melting at 54-55°. 
l-Methyl~3-(^-bromoethYl)-oxindole 
To 0.24 g. (0.01 mole) of eodiura hydride in 15 ml. of 
dry benzene wae added, with stirring under nitrogen, 1.47 g. 
(0.01 mole) of 1-methyloxindole In 10 ml. of dry benzene. A 
white precipitate formed, and aftr all hydrogen evolution 
had ceased, 1.88 g. (0.01 mole) of ethylene dibromide was 
added. The reaction mixture was stirred overnight at room 
temperature. 
After filtration of the refaction mixture, and concentra­
tion of the filtrate to dryness under reduced pressure, the 
residual reddish oil was induced to crystallize by scratching, 
and on recrystallization from petroleum ether (b.p. 60-70°) 
yielded 1.5 g. (60%) of l-methyl-3-(^-bromoethyl)-oxindole 
melting at 61-62°. 
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l-Methyl--3.3~dlmethyleneoxlndole 
To 1 g. of l-methyl-3-(-bromoethyl)-oxindole was added 
an exoeee of eodium ethoxide eolutlon. After standing for 
thirty minutes, water was added and the reaction mixture was 
extrected with ether. The ether solution was dried over 
anhydrous eodium sulfate and after filtration the ether eolu­
tlon va8 concentrated to dryness. Crystallization of the 
residual oil from petroleum ether 60-70°) yielded 0.55 
g. (80^) of l-methyl-3»3-dimethyleneoxlndole melting at 81-
82®. 
Anal. Calcd. for CnHiiON: C, 76.2?; H, 6.40; N, 8.09. 
Found: C, 76.67, 76.63; H, 6.38, 6.44; N, 8.05. 
l-Meth.Yl-3-( /^-dlmethYlamlnoethyl)-oxlndole 
This compound wae synthesized In several ways; by two 
different alkyletlon procedures, and by an acylatlon and 
reduction procedure. 
Sodium hydride In benzene. To 0.24 g. (0.01 mole) of 
sodium hydride In 5 ml- of dry benzene was added, with stir­
ring under nitrogen, 1.47 g. (0.01 mole) of 1-methyloxlndole 
In 10 ml. of dry benzene. A %'hlte precipitate formed, and 
after the evolution of hydrogen had ceased, 1.1 g. (0.01 mole) 
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of ^  -dlmethylaminoethyl chloride In 5 ml. of dry benzene 
was added. The reaction was stirred at room temperature over­
night, filtered, and the filtrate concentrsted to dryness. 
The residual oil was subjected to vacuum distillation yielding 
1.1 g. (50^') of light yellow oil which formed a yellow picrate 
melting at 155-156°. 
Anal. Calcd. for the picrate Ci9H2iN^08: C, 51.00; 
H, 4.73; N, 15.7. Found: C, 51-30, 51.27; H, 4.88, 4.99; 
N, 15.53, 15.38. 
Sodafflide in toluene. To a solution of 0.01 mole of 
Bodaraide, prepared in liquid ammonia b:y the procedure of 
Vaughn and co-workers^^, was added 15 ml. of dry toluene, 
and the mixture was stirred until all the ammonia was evolved. 
To this euspeneion of sodamide in toluene, 1.1 g. (0.01 mole) 
of /^-dlmethylaminoethyl chloride was added, with stirring 
under nitrogen. After stirring at room temperatures over­
night, the reaction mixture was filtered end the filtrate 
subjected to dlBtillation yielding 1 g. (45^) of a light 
yellow oil, ' hlch formed a yellow picrate melting at 155-
156°, showing no depression in melting point on admixture 
with the picrate prepared in the previous experiment. 
^"^T. H. Vaughn, R. R. Voe:t and J. k. Niewland, Am. 
Chem. £oc.. 2120-2 (193^)^ 
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Acyletlon and reduction. To 5 g* (.022 mole) of 1-
methyl-3-dimethylamlnoacetyloxlndole, prepared according to 
7 the method of Julian , was added 50 ml. of ethanol, 5 ml. 
of glacial acetic acid and 0.2 g. of palladium oxide. Re­
duction was carried out at 50 p.s.i. and a temperature of 
70°. After a long induction period, reduction took lace 
and on filtration and distillation of the filtrate, 3 g. 
(64^) of a light yellow oil was obtained which formed a yel­
low plcrate melting at 154-155°» and showed no depression in 
melting point on admixture with either of the two previously 
described plcratee, or with an authentic sem^de obtained from 
Dr. \ L. Julian. 
3-Ieopropyloxlndole 
An intimate mixture of 2? g. ( 0 .14 mole) of the phenyl-
hydrazide of ieoval-^ric acid and 108 g. of calcium oxide 
powder was heated at 250-260° for 8 hours at which time the 
evolution of aoimonia had about ceased. The reaction mix­
ture cake was broken up and dissolved in water and concen­
trated hydrochloric acid. Liquid-liquid extraction of the 
acidified mixture gave a dark brown ether solution, which 
was extracted three times with dilute hydrochloric acid, 
washed with water once, and dried over anhydrous sodium 
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sulfate. Removfl of the ether gave a dark brown oil, crys­
tallizing to a eemi-eolid on standing. The product was die-
solved in benzene and chromatographed on alumina using 
benzene ae the eluent. From several of the first fractione 
collected there was obtained after recrystellization from 
petroleum ether (b.p. 60-70°), k g. (16^) of 3-isopropyl-
oxindole melting at 107-108^^. 
leovaler&nilide 
This compound was obtained on repetition of the previous 
experiment. An intimate mixture of 70 g. of the phenylhy-
drazide of ieovaleric acid and 280 g. of calcium oxide powder 
was hetted at 225-230° for ^  houre, at which time, the evolu­
tion of nitrogen had ceased. The reaction mixture cake was 
broken up and diseolvec; in water and concentrated hydrochloric 
acid. The acid solution was extracted with ether, the ether 
extracts were combined and extracted first with dilute hydro­
chloric acid, then dilute sodium carbonate, and finally with 
water. After drying over anhydrous sodium sulfate and re­
moval of the ether, the reeidue wae subjected to distillation 
at reduced pressure, yielding 20 g. of s heavy, yellow oil. 
This oil was dissolved in petroleum ether (b.o. 60-70°) and 
on long standing, 4 g. of light yellow crystals were formed 
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melting at 104-105° and showing a depreBslon in melting 
point on admixture with 3-isopropyloxindole, but no depree-
eion on admixture with authentic isovaleranllide. 
Anal. Calcd. for C, 74.5^; H, 8.53; N, 7.90. 
Found: C, 73-89, 73-88; H, 8.19, 8.27; N, 7-90, 7-72. 
U Attempted O-alkylation of 3--iBopropyloxlndole 
To 0.5 g. {0.0029 mole) of 3-ieopropyloxindole dissolved 
in a minimum amount of absolute ethanol, was added an equiva­
lent amount of alcoholic ammonia. To this Bolution was added 
an excess of alcoholic silver nitrate solution. The volumi­
nous white precipitate so formed was filtered, washed with 
absolute alcohol, and then with dry ether. The ether-wet 
precipitate was transferred Immediately to a Parr Bomb, to 
which was added dry ether and an excess of methyl iodide, 
after vhich the bomb was closed and immersed in refluxing 
ethyl acetate for 12 hours. At the end of this time, the 
bomb was cooled, opened, and the ^e^ctlon mixture filtered. 
The filtrate was evaporated to dryness and the residue frac­
tionally recrystalllzed from petroleum ether (b.p. 60-70°). 
The major substance obtained was starting material together 
with a very small amount of white crystals melting at 127-
127.5°. 
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3-Is opropyldloxlndole 
To a euBDension (O.3 mole) of leatln in dry 
benzene was ad ed an ether solution of 0.65 mole of ieopropyl-
magneslum bromide. The reaction mixture turned a dark brown 
vith the formation of a dark brown precipitate. After Btir-
ring and refluxins' under nitrogen for two hours, the reaction 
mixture was hydrolyzed by pouring onto a mixture of crushed 
ice and concentrated hydrochloric acid. The organic layer 
was dried over anhydrous sodium sulfate and on evaporation 
of part of the solvent and cooling, light yellov cryetale 
were deposited. On further T>urification by recrystsllization 
from a benzene-methanol mixture, 15 g. (26^) of white crys­
tals melting at 170-171° were obttlned. 
Anal. Calcd. for C2i%302N: C, 69.09; H, 6.85; N, 7-33. 
Found; C, 68.65, 68.55; H, 6.96, 6.67; N, 7.38, 7.32. 
Attem ted preparation of 3-ethynyldioxlndole 
To a eusoension of 0.25 mole of lithium acetylide in 
liquid ammonia (prepared by r>aEfing acetylene through lithium 
in liquid ammonia) was added 18 g. (0.122 mole) of isatin. 
An immediate greyish precipitate formed, and the reaction 
mixture turned dark brown. After stirring for eight hours 
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at -33°» "the ammonia vas allowed to evaporate, and the reac­
tion was worked up by addition of water and concentrated 
hydrochloric acid, followed by extraction with benzene. The 
benzene extract was dried over anhydrous sodium sulfate and 
concentrated to dryness yielding a solid residue, which on 
recrystallization from 95^ ethenol yielded 5 g. of lisht tan 
crystals melting at 246-247°. 
Anal. Calcd. for 03^0^702^* 69-36; H, 4.0?; N, 8.09; 
mol. wt., 173. Found: C, 70.46, 70.35; H, 5.^7, 5-38; N, 
14.7, 14.8; mol. wt., 299, 299. 
This indicates that the compound is not 3-ethynyldioxin-
dole, but a consideration of the analytical results, "Darticu-
larly the nitroaen values does not lead to any obvious struc­
tural afisignment. 
3-Ethynyldioxindole 
To a stirred ether suspension of 0.25 mole of lithium 
acetylide (prepared from n-butyllithium and acetylene), vae 
added a susnension of IB g. (0.122 mole) of ieatin in dry 
benzene. The reaction mixture vas stirred and refluxed under 
nitrogen for 48 hours, after which time, the reaction was 
worked up by pouring onto a mixture of crushed ice and con­
centrated hydrochloric acid. The org.^nic layer was separated. 
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and the water layer further subjected to liquid-liquid ex­
traction with ether. From the combined organic extract?, 
after chromatography on alumina usina benzene both as solvent 
and eluent, there was obtained 4 g. (19^) of light tan crys­
tals melting at 205-206°. 
Anal. Calcd. for C^^QH^OgN: C, 69-36; H, 4.0?; N, 8.09; 
mol. wt., 173. Found: C, 69.51, 69.^9; H, 4.17, 3.99; N, 
8.30, 8.23; niol. wt., 194, 198. 
Reaction of l~methyloxindole with thlonyl chloride 
To 1.47 g. (0.01 mole) of 1-methyloxindole dissolved in 
dry benzene was added an excess of thionyl chloride. An im­
mediate dark red color formed, and after four hours of 
reflux under nitrogen, a dark red crystalline masg had 
formed in the solution. After cooling, filtration, and re-
crystallization from benzene, there was obtained 1 g. of 
dark red needles melting at 265-6^ (with decomposition). 
Anal. Found: C, 73.84, 73.83; N, 4.92, 4.83; N, 10.0, 
9.93; mol. wt., 350, 3I8. 
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3-Chloro-3-la opropyloxlndole 
To a eueoenelon of 0.63 g* (0.003 mole) of phoephorue 
pentachlorlde In dry benzene, wae added 0.525 g. (O.OO3 mole) 
of 3-isopi'opyloxindole with etlrrlng under nitrogen. Com­
plete solution took place and a slow evolution of hydrogen 
chloride gae was observed. After stirring at room tempera­
ture overnight, solvent was removed by dietillation under 
reduced preeeure. The reeidue was subjected to vacuum eub-
llmatlon yielding a light yellow eolld which on recryetal-
lization from ^^etroleum ether (b.p. 60-70°) yielded O.13 g. 
{20%) of white crystals melting at 146-1^7° and showing no 
depression in melting point on admixture with the product 
from the reaction of 3-leopropyldloxindole with thionyl 
chloride. 
Anal. Calcd. for C, 63.01; H, 5-7?; N, 
6.68; CI, 16.91. Found: C, 62.95# 63.18; H, 5.78, 5-83; 
N, 6,67. 6.79; CI, 16.65, 16.85-
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Reaction of l->methyl--3~liydrox.Ymeth.Yleneoxlndole with 
dlazomettone 
Depending on the solvent used, different products or 
mlxturee of products were obtained. 
Ether. To 2 g. (0.011 mole) of l-methyl-3-hydroxymethyl-
eneoxlndole war added an excess of an ethereal solution of 
diazomethane. A vigorous reaction took olace vlth gas evolu­
tion, complete solution being obtained after 15 minutes. 
Ether and excesB diazomethane were removed under diminished 
pressure and the resulting dark red oil was dissolved in 
methanol. From the methanol solution 0.7 g. of light tan 
crystals melting at 137-138*^ were obtained which showed de­
pression in melting point on admixture with l-methyl-3-
methoxymethyleneoxindole. 
Methanol. To a methanolic solution of 3-52 g. (0.03 mole) 
of l-methyl-3-hydroxymethyleneoxindole was added an excess 
of an ethereal solution of diazomethane, and the reaction 
allowed to stand overnight. Partial evarioration of the sol­
vent and cooling yielded 1 g. (28^) of recovered l-methyl-3-
hydroxymethyleneoxlndole. The residue after removal of the 
rest of the solvent was recrystallized from petroleum ether 
(b.p. 60-70°) and gave 1 g. of yellowish crystals m.p. 115-
30°. Chromatography on alumina using benzene as both solvent 
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and eluent yielded several crystalline fractions melting at 
128~131°» which showed Identical infrared spectra to that of 
l-'methyl-3-methoxymethyleneoxlndole. 
Perkln product from 1-methyloxindole 
This compound was prepared by the method of Fischer and 
Smeykal^® to give a red crystalline compound melting at 2^5°. 
Anal. Found: C, 75.56, 75-37; H, 5.17, 5-13; N, 9.31. 
3-Methylene~Ms->(l~methyloxindole) 
To 0.5 g. of platinum oxide (prereduced in 50 ml. of 
glacial acetic acid with hydrogen at one atmosphere) was added 
4 g. of the Perkin product from 1-methyloxindole, and hydro-
genation at one atmosphere was carried out while hydrogen 
absorption was measured volumetrlcally. When an amount of 
hydrogen corresponding to one mole had been absorbed, the 
red color of the solution had disappeared, at which time the 
hydrogenation was discontinued. Filtration to remove the 
catalyst, and concentration to dryness under reduced pressure, 
gave a white crystalline residue melting at 165-175°. After 
repeated recrystallizations from methanol white crystals 
melting at 182-183° were obtained. 
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Anal. Calcd. for C19H18O2N2: C, ?UA9; H, 5.92; N, 
9.15. Found: C, 74.^3, 74.41; H, 5.86, 5.92; N, 9.09, 9.04. 
114 
SUMMARY 
A new method for the C-alkylatlon of N-alkyloxindolee 
has been developed. 
The structures of several reported oxlndole 0-alkylation 
products were found to be actually 3~alltyloxlndoleB. 
The structure of a common degradation product of several 
oxlndole alkaloids was elucidated. 
The structures of products from several oxlndole reac­
tions were shown to be incorrect although new structural 
assignments arc3 as yet incomplete. 
Infrared and ultraviolet spectrographic analysis was 
extensively used in the above work. 
